Introduction: Although rare, subtalar dislocations are severe injuries with long-term alterations such as clinical dysfunction or painful posttraumatic arthritis. The objective of this study was to investigate long-term morphological changes of subtalar dislocations and to correlate them to clinical function. Based on the conclusions, suggestions for therapy guidelines were made in order to improve the functional outcome. Methods: Twenty-two patients (12 with a medial, 9 with a lateral and 1 with an anterior dislocation) were re-examined with an average follow-up time of 10 years. Radiological results of a computer tomography examination of the hindfoot were related to the clinical outcome, and both were discussed in the context of further parameters, such as additional injuries, time until reduction, and post-reduction treatment. Results: Additional injuries were found to affect the clinical outcome and/or the radiological changes. Predictive factors for limited range of motion were severe skin trauma and traumatic brain injuries. Factors that predicted both poor clinical function and clear signs of arthritis included complex talus, ankle and calcaneus fractures, long time until reduction, and infection. Conclusions: In many cases, radiological results can be correlated to clinical outcomes. However, the modulating effects of additional injuries should be considered when planning therapy. In cases with additional fractures of the talus and the calcaneus, suffering pain may be reduced by an early arthrodesis of the talo-calcanear joint. In cases involving a long stay on an intensive care unit, early functional treatment by passive motion should be discussed in special cases to improve the clinical outcome.
Introduction
Subtalar dislocation involves the talo-calcanear and talo-navicular joints and is usually caused by an indirect high energy torsional force. Falls from a height (30% -90%) or traffic accidents (50%) are the most common causes [1] [2] . In 85% of cases, men are affected [3] . It is a rare injury and only occurs in 1% -2% of all dislocations [2] [4] [5] . Subtalar dislocations can be sub-divided into medial, lateral, and anterior or posterior dislocations depending on the position of the calcaneus relative to the talus. In Figure 1 , a lateral dislocation is shown. Forces applied to a plantar-flexed foot in inversion will usually result in a medial subtalar dislocation, whereas a plantar-flexed foot in eversion will result in a lateral dislocation [4] [6] . The most frequent subtalar dislocation is the medial dislocation (80%). Lateral dislocations account for 17% and anterior or posterior dislocations are rare (3%) [7] [8] . Ten to forty per cent of these injuries are open with associated fractures of the talus or os naviculare, with a higher infection rate and with a higher risk of avascular necrosis of the talus [9] [10] . Intra-articular fractures increase the risk of a secondary osteoarthritis of the talo-calcanear and talo-navicular joints [11] .
After incurring this complex foot trauma, clinical dysfunction and painful osteoarthritis can lead to severe limitations during daily life. Despite the clinical importance, to date only very limited information is available on the relation between clinical dysfunction and radiological alterations. Many previous studies have presented results with only short follow-up times (1.5 -4 years) and correlated the clinical outcome with the radiological outcome of X-rays of the ankle in anteroposterior and lateral views [12] [14] . However, alterations to the subtalar joint structures that are typically affected after subtalar dislocations are not easy to detect with X-rays alone. Long-term follow-up studies (from 4 -26 years) are rare [15] [16] . De Palma et al. re-examined 30 patients with closed isolated subtalar dislocations after 5 -12 years and suggested a correlation between a poor clinical outcome and arthritis of the subtalar joint [15] . In contrast, Garofalo et al. did not find a strong correlation between signs of arthritis of the subtalar joint and poor clinical outcome and, instead, recommended further investigations to examine long-term alterations of the hindfoot CT scans following subtalar dislocations [16] .
In this retrospective study, we report our long-term results of subtalar dislocations, which have been treated in our clinic from 1986 to 2007, and discuss the long-term outcome and complications. The extent of arthritis was assessed by analyzing CT scans of the hindfoot. Correlations between clinical outcomes and radiological changes, as well as the influence of additional injuries will be discussed. Based on the study results evidence-based guidelines to help decide in which cases an early secondary arthrodesis of the talo-calcanear joint may be indicated, will be proposed.
Patients and Methods
Between 1986 and 2007, 34 patients with subtalar dislocations were treated in our department. In our patient cohort, we had 21 cases with a medial closed, 11 with a lateral closed, 1 with a lateral open and 1 with an anterior open dislocation. We were able to re-examine 22 patients after a mean follow-up of 10 years (3 to 22 years). Despite an intensive search, 4 patients could not be located and 3 died for reasons unrelated to their foot injury. Five patients refused a follow-up examination, although some had a subjective good outcome. Out of the re-examined 22 patients, 12 have had a medial closed dislocation, 9 a lateral (1/9 open, 8/9 closed) dislocation and 1 an anterior open subtalar dislocation. The age at the day of trauma was between 17 and 67 years (mean 34 years) with most occurring between 20 to 30 years. The ratio of men to women was 4.5:1. The cause of subtalar dislocation was a traffic accident in 14 cases and a fall from a height in 8 cases.
The clinical outcome was assessed by the Zwipp score [12] [13], including computer tomography of the hindfoot. The extent of arthritis of the talo-calcanear and the talo-navicular joints, deformation of the talus and osteochondral fragments were the main points of interest. The special points for calcaneus fractures (part 34 and 35 of the Zwipp score) were not taken into account. Furthermore, the cause of injury, type of dislocation, additional injuries, time and mode of reduction, and the post-reduction treatment were documented.
Results
According to common treatment guidelines for subtalar dislocations, a fast reduction and immobilization for 6 weeks should be performed. Closed reduction was possible in 5 of our 12 medial dislocations. Open reduction was required 7 times. In cases of a lateral subtalar dislocation, closed reduction was possible 4 times and an open reduction was done in 5 of the 9 cases. After reduction the foot was immobilized with a short-leg cast for 6 weeks in 16 cases. In exceptional cases (skin trauma grade III (Tscherne and Oestern), infection, severe additional fractures) an external fixator for 6 weeks was needed. Fifteen patients had associated fractures of the hind-and/or middle foot. One rare open anterior dislocation was reduced surgically, followed by an external fixator for 6 weeks. Post reduction, necrosis of the talus, a severe possible complication, was not evident in any of the cases.
The mean Zwipp score of all patients was 71.1 (SD ± 65.8, maximum = 180 points) [12] [13]. Based on these Zwipp scores, four possible outcomes were identified: excellent (180 -135), good (134 -90), moderate (89 -45) and poor (<44). Four patients had excellent results and subjectively reported a very good outcome, without experiencing any limitations during everyday life. Their range of motion was normal for the talo-calcanear and talo-navicular joints and no hindfoot deformations were evident. In the computer tomography, no necrosis, osteochondral fragments or even mild sclerosis were detected (Figure 2(A) ). In this excellent patient group, three patients had no further fractures of the foot. One patient with associated fractures of the middle foot had a lateral dislocation, which could be closely reduced without delay (within an hour after trauma). Three of the four dislocations could be reduced by a closed procedure and in the one case that required an open reduction, no further complications occurred. The incidence of medial and lateral dislocations was equally distributed. All subtalar dislocations of this group were stable after reduction and could be treated with regular cast immobilization.
Two patients scored between 134 and 90 points (good). They had limitations in their range of motion, especially during supination and inversion, but the dynamic analysis was still scored well. Both patients in this group had medial subtalar dislocations. In one case, instability after reduction persisted and a K-wire transfixation was required. In the other case, only a fracture of the metatarsal V was found, but this patient had additional thorax and traumatic brain injuries. In this group, the computer tomography showed no deformation of the talus, rare small osteochondral fragments, and only minimal sclerosis.
The third patient group (moderate) was comprised of nine cases (Zwipp score points 89 -45). The computer tomography revealed moderate alterations, including slight sclerosis and a small reduction in the joint space of the talo-calcanear and talo-navicular joints. Severe signs of osteoarthritis and ossifications were not found (Figure 2(B) ). In contrast to the radiological findings, the range of motion was manifestly limited and the dynamic analysis revealed poor results. Clinically, the hindfoot appeared swollen and deformed, but a bony correlate was not found in the computer tomography. In two patients the skin was critical (grade III, Tscherne and Oestern) and they were stabilized with an external fixator instead of cast immobilization. Three patients in this group had a complex talus fracture; in one case the dislocation remained longer than 24 hours and in another case an associated complex ankle fracture had to be treated. Two patients had a traumatic brain injury and required mechanical ventilation in an intensive care unit. The ratio of medial and lateral dislocations was 2:3.
The fourth patient group (poor) had poor Zwipp score (<45). Their range of motion of the foot was manifestly limited (ankle joint: deficit in extension >10˚ and flexion >20˚; talo-calcanear and calcaneo-cuboid joints: defi- cit in supination >10˚, pronation >10˚, and eversion/inversion >20˚). Three patients had complex ankle fractures, fractures of the os naviculare and compound fractures of the calcaneus. In six of the seven cases in this poor patient group, the reduction was done by an open procedure. Four of those patients were stabilized with an external fixator after reduction. The one case, in which the reduction was done by a closed procedure, additional fractures of the calcaneus, os naviculare and ankle were present. The ratio of medial to lateral dislocations was 4:1. In one patient, painful posttraumatic arthritis of the talo-calcanear joint was treated by an arthrodesis of the subtalar joint. In all cases of this poor patient group, there were clear signs of osteoarthritis in the talo-calcanear and talo-navicular joints and also in the ankle joints (Figure 2(C) ). Deformation of the talus was moderate in four cases. Manifest alteration of the bony hindfoot was found in two cases. In the first case, a medial subtalar dislocation occurred following a fall from a height and an open reduction and transfixation of the talo-calcanear and ankle joints was performed with a Steinmann nail in Thailand (where the injury occurred). Back in Germany, a severe infection of the foot developed. By removing the implant, performing a debridement and attaching an external fixator for 6 weeks, the infection healed successfully under antibiotic therapy. In the second case, an anterior open dislocation was reduced in an open technique and an external fixator was applied for 6 weeks. The computer tomography showed a severe alteration of the talus with a valgus deformation in the coronal view, a reduction of the joint space and multiple osteophytes. The results of the four groups are illustrated in Table 1 .
Discussion
Subtalar dislocations are rare but severe injuries. To reduce the risk of skin necrosis and possible aseptic bone necrosis, an immediate reduction within 6 hours after injury is required to improve the outcome [14] [17] [18] . Medial dislocations can be reduced using a closed procedure. Lateral dislocations are frequently irreducible using a closed procedure because of obstacles like the tibialis posterior tendon, the flexor digitorum longus tendon or the interposition of the talus head in the retinaculum extensorum. In these cases, open reduction is required. Our treatment guidelines, which include an immediate reduction and immobilization for 6 weeks with a short leg cast, correspond to current recommendations [2] [14] [17]- [19] . In cases with persistent instability, we applied a K-wire transfixation of the talo-calcanear and talo-navicular joints. Open dislocations or critical skin situations were treated with an external fixator. Table 1 . Long-term assessment of the outcome after treatment of subtalar dislocations. Patients were divided into four groups according to the Zwipp score. For each group, mean values of the subjective outcome, the objective clinical outcome, and the radiological findings are shown. Furthermore, the frequency of different types of dislocations, performed treatment, and additional injuries is listed.
In this study, the long-term outcome was analyzed and the patients were divided into four groups according to their Zwipp score. We aimed to assess the correlation between the clinical outcome and the extent of arthritis and bony hindfoot deformation. A further objective was to relate additional parameters, such as type of dislocation, time until reduction, mode of treatment, and additional injuries to the Zwipp score.
In the excellent and poor patient group, a high correlation between the clinical and radiological findings was observed. However, it is noteworthy that in the good and moderate patient group the CT sores were still relatively high, which was in contrast to the mediocre clinical outcomes. Additional injuries were found to substantially affect the clinical outcome and/or the radiological changes, including severe skin trauma (grade III, Tscherne and Oestern), associated talus and ankle fractures, infection, and traumatic brain injury. Furthermore, we identified factors that appear to have a greater impact on the long-term clinical outcomes than on radiological changes, like severe skin trauma. Interestingly, patients with traumatic brain injuries without associated local fractures showed a poor clinical but a good radiological outcome. Ossifications, however, could not be detected with the computer tomography. Outcome predictors for poor clinical function and radiological findings are associated complex fractures of the hindfoot and infection.
From our results, poor long-term outcomes can also be expected after open dislocations, which is consistent with the findings of a previous report [14] . In contrast, the mode of dislocation (medial or lateral) does not appear to be predictive for long-term complications [13] . With regard to the treatment, reduction by open procedure was often associated with unfavorable long-term results. For closed procedures, however, both good and poor outcomes were observed. The cases exhibiting a poor outcome were all associated with additional injuries. Among all patients, there was only one case in which the medial closed dislocation remained more than 24 hours, that is, clearly exceeding the usual time till reduction of <6 hours. Although the patient had no additional injuries, the clinical and radiological results were poor, which confirms the importance of the general recommendation for a fast reduction of dislocations.
Based on our results, it is recommended that, in selected cases, a secondary arthrodesis of the talo-calcanear joint may be an option in order to reduce patient pain and poor clinical function. Subtalar dislocations with associated fractures of the talus and the calcaneus are related to clear signs of osteoarthritis and poor clinical function, a finding that is consistent with previous research [20] . Those patients should be followed up shortly after the acute treatment and an early secondary arthrodesis should be discussed. According to Lasanianos et al., early mobilization should be discussed for patients with isolated medial subtalar dislocations [12] . Furthermore, in cases of subtalar dislocations associated with traumatic brain injury, but without fractures of the hindfoot, residual instability or treatment with an external fixator, and functional rehabilitation (passive motion by a physiotherapist) should be initiated early to combat poor clinical function. With respect to the study limitations, subtalar dislocations are rare injuries, and this study includes only a small number of patients who have been treated in the same hospital. However, according to a meta-analysis of literature pertaining to subtalar dislocations, only 7 of 76 articles reported a higher number of patients than in our study. Nevertheless, the low number of patients in our subgroups must be taken into consideration when interpreting the results of this study.
Conclusion
Subtalar dislocations are rare, severe injuries, which can lead to long-term complications including poor functional outcomes and arthritis of the ankle joint. In cases where there are additional injuries, especially the presence of traumatic brain injuries, early functional rehabilitation should be considered on a case-by-case basis to ensure a positive clinical outcome.
